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(m) Undercut membrane mask for high energy photon patterning. 



(g) A mask for use with high energy radiation 
sources in precision projection processing by 
excimer lasers, for example, is described. The 
mask comprises a suitable substrate, such as 
silicon, upon which a multilayer dielectric stack 
is formed which acts as a reflective coating for 
the impinging excimer laser radiation, minimiz- 
ing energy absorption by the mask substrate. 
The mask transparent areas are defined by the 
through-holes in the mask. The through-holes 
are formed with a conical ly undercut edge pro- 
file to define a thin object plane for the mask 
and minimize scattering of the radiation from 
the through-hole skJewalls. A method for fab- 
ricating the mask is also described. 
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Background of the Invention 

The present invention relates generally to trans- 
mission masks of the type used for laser processing 
of surfaces, and, more particularly, to non-contact s 
shadow masks utilized in laser ablation processes 
fabricated from a thick membrane utilizing conically 
undercut through holes to provide the desired abla- 
tion pattern and laser energy reflective coatings in 
the non-patterned areas. 10 

In the field of microelectronic materials process- 
ing the use of high power lasers to provide selective 
etching or micromachining of substrate materials, 
metal films and layers of other materials, such as 
polyimide, is becoming increasingly important Of key 15 
importance to this technology is a shadow mask or 
projection mask to project the pattern of the micro- 
structures onto the material to be machined. It is well- 
known in the art to provide masks for ion etching, ion 
implantation and in optical, x-ray, ion and electron 20 
beam lithography. Masks of these types are used in 
relatively low power applications and typically are not 
suitable for high power laser applications, such as ex- 
cimer laser ablation. 

Prior art masks presently utilized in laser etching 25 
applications typically comprise a suitable substrate 
having clear or transparent areas and opaque areas 
to define the desired etch pattern to be projected. As 
increasingly higher power lasers are utilized and more 
exact and smaller element sizes are realized, a few 30 
micrometers (um) in size, for example, mask require- 
ments such as reduction of defects in both the clear 
ancf opaque areas become critical. 

The following criteria have been identified for 
ideal masks to provide optimal performance during 35 
high energy laser etching, micromachining, material 
deposition or other surface treatment of materials. 

1. The mask object plane must be extremely thin 
to provide a well-defined image plane together 
with a full depth of focus at the image plane to 40 
provide, for example, the ability to etch deep 
structures in the surface of a material. 

2. The mask object plane must be stable in all di- 
rections; that is, no bending or warpage of the 
mask object plane resulting from, for example, 45 
thermal expansion or mechanical stress or vibra- 
tion of the mask. 

3. The mask clear or transparent areas must be 
defect-free. 

4. The mask opaque areas must be defect-free. so 

5. The mask must have a versatile alignment ca- 
pability; for example, mask alignment targets 
should be detectable at the process laser wave- 
length and at a convenient alignment laser wave- 
length, a helium-neon laser, for example. 55 

6. The mask should be compatible with a viable 
inspection scheme; that is, the mask pattern 
should be clearly detectable with visible radiation 



to allow for inspection utilizing an optical micro- 
scope, for example. 

7. The mask materials, both the substrate and 
overlaying layers, must be stable under the high 
pulse rate, high power radiation typically encoun- 
tered during excimer laser ablation or other high- 
power laser processes. 

Prior art ■chrome on glass" masks, shown in Fig. 
1a, as used, for example, for optical lithography in IC- 
chip fabrication consist of a thin (several hundred 
Angstroms) layer of chrome defining an opaque pat- 
tern on an unstructured clear glass or quartz sub- 
strate. Typically, masks of these type will exhibit de- 
fects resulting from particulates in the transparent 
areas or microcracks in the substrate and pinholes in 
the opaque chrome layer. 

U.S. Patent Nos. 4,490,210; 4,490,211 and 
4,478,677, issued to Chen et a), all assigned to the in- 
stant assignee, disclose laser etching of metaltzed 
substrates and glass materials involving an inter- 
mediate step in which the material to be etched forms 
a reaction product resulting from exposure to a select- 
ed gas, which is t hen vaporized by a beam of radiation 
of a suitable wavelength. Many materials can be etch- 
ed directly by laser energy without the need for an in- 
termediate step creating a reaction product material. 
The Chen et at patents describe non-contact masks 
as having a transparent substrate/body of UV grade 
quartz with a pattern chromium film thereon. It has 
been found, however, that such chromium masks 
cannot withstand laser energy densities of the order 
encountered when working with excimer or other las- 
ers having the required intensity to etch or ablate 
many target materials directly. WhBe satisfying sev- 
eral of the above-defined mask requirements, chro- 
mium may absorb as much as half of the incident laser 
energy at selected wavelengths. Thus, a single exci- 
mer laser pulse may easily ablate the chromium and 
destroy the opaque pattern. 

U.S. Patent No. 4,923,772 issued to Kirch et al, 
assigned to the instant assignee and incorporated by 
reference as if fully set forth herein, discloses a high- 
energy laser mask comprised of a transparent sub- 
strate having a patterned laser-reflective metal or di- 
electric coating deposited thereon. Typically referred 
to as a "dielectric mask", a mask, shown in Fig. 1b. 
comprising a transparent substrate/body having the 
opaque pattern formed of several layers of a highly re- 
flective, abrasive-resistant dielectric coating provides 
a mask able to withstand the full range of laser inten- 
sities encountered in laser etching processes. For ex- 
ample, Kirch et al discloses a dielectric mask compris- 
ing many layers of such dielectric coatings deposited 
on a substrate of UV grade synthetic fused silica 
which achieves greater than 99.9% reflectivity of the 
incident laser energy. Such a dielectric patterned 
mask can withstand incident energy densities up to 
approximately 6J/cm2. However, defects resulting 
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from particulates in the substrate material or micro- 
cracks and pinholes in the dielectric layers may be 
present As discussed by Kirch et al, relatively pure 
substrate material such as UV grade synthetic fused 
silica is required to avoid laser absorption by impuri- s 
ties or inclusions in the mask clear areas. However, 
long-term irradiation with high-power UV radiation 
may induce absorptions in the mask clear areas due 
to somatization effects. Additionally, since the dielec- 
tric materials typically reflect radiation only in a small 10 
spectral region, near the wavelength of the process- 
ing laser, it is typically transparent in the visible range, 
thus presenting difficulties for a conventional optical 
system alignment, or inspection, utilizing, for exam- 
ple, an optical microscope. 15 

Thin metal sheets fabricated from materials such 
as molybdenum or steel, having physical through 
holes formed transversely through the metal sheet 
representing the transparent or clear areas, referred 
to as metal stencil masks, as shown in Fig. 1c, have 20 
also been widely used as excimer laser masks. How- 
ever, at high energy densities and high pulse repeti- 
tion rates, energy absorption results in excessive 
heating of the mask materials, resulting in distortions 
in the mask object plane and rapid deterioration of the . 25 
mask. Additionally, since the metal stencil masks are 
relatively thick, on the order of 50 urn or more, scat- 
tering of the laser beam from the vertical sidewalks of 
the through holes degrades beam focus and image 
quality. so 

U.S. Patent No. 4,41 7,946, issued to BoWen et al, 
assigned to the instant assignee, discloses a mask 
suitable for ion etching, ion implantation and x-ray, ion 
and electron beam lithography. Such a mask compris- 
es one or more metal layers deposited on a highly 35 
doped semi-conductor substrate with through going 
apertures defining the mask pattern. In the area of 
the mask pattern apertures, the substrate material is 
relatively thin, thus minimizing scattering effects of 
the incident beam. The highly doped substrate mate- 40 
rial provides mechanical stability. However, as dis- 
cussed herein above, the metallic layers cannot with- 
stand the high energy densities commonly encoun- 
tered in excimer laser ablation processes. 

In "Mask for Excimer Laser Ablation and Method 45 
of Producing Same," IBM Technical Disclosure Bulle- 
tin, Vol. 33 No. 1A, June 1990, pp.388-390. A.C. Tarn 
et al considers a silicon thin membrane stencfl mask 
having transparent areas realized by suitably dimen- 
sioned apertures through the membrane. The ther- so 
mal stability of the mask is increased by coating the 
surface of the mask facing the laser source with a 
multilayer reflection system and/or coating the sur- 
face of the mask facing the material to be ablated with 
a metallic gold layer. However, in the high power, high 55 
repetition rate environment experienced during exci- 
mer laser ablation processes, t hin membranes exhibit 
undesirable and intolerable bending and warping re- 
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suiting from heating induced by the small amount of 
laser radiation transmitted through the multilayer re- 
flection system and from mechanical stress induced 
in the membrane material by residual stress in the 
multilayer reflection system. Additionally, the silicon 
thin membrane mask exhibits a tendency to vibrate 
when exposed to high pulse repetition rates. The non- 
stable object plane resulting from the combined ef- 
fects of mask bending and vibration significantly re- 
duces the depth of focus and may cause scattering 
effects, distorting the transmitted pattern and result- 
ing in poor image quality. 

Summary of the Invention 

A primary objective of the present invention is to 
provide a transmission mask for use in laser process- 
ing of material surfaces, excimer laser ablation proc- 
esses, for example, having sufficient mechanical sta- 
bility to provide high precision, high quality imaging. 
The thin membrane stencil mask, described above, 
effectively satisfies all requirements for an ideal mask 
with the exception of mechanical and thermal stabil- 
ity of the object plane. Thermal stability of the thin 
membrane mask may be greatly improved by coating 
the mask surface exposed to high energy laser radi- 
ation with a multilayer dielectric coating. A suitable 
multilayer dielectric coating can achieve greater than 
99% reflectivity of incident radiation thus providing a 
stencil mask suitable for many laser ablation process- 
es. Warpage and vibration of the mask may be sub- 
stantially eliminated and thus the mechanical stability 
of the object plane greatly improved by providing a 
thick membrane substrate to strengthen the mask 
and improve heat removal. However, transparent 
mask areas defined by apertures having vertical 
sidewalls through the thick membrane do not provide 
the thin object plane required, thus causing scatter- 
ing effects of the incident radiation and distorting the 
transmitted pattern. A solution to the problem of pro- 
viding a thin object plane while utilizing a thick mem- 
brane to provide a stable object plane, is achieved by 
conically undercutting the edges of the vertical 
through holes. In this manner, a thick membrane 
mask is achieved having sufficient mechanical rigidity 
to minimize warpage while providing a thin mask ob- 
ject plane in the vicinity of the through holes to ach- 
ieve high quality imaging. 

Accordingly, a transmission mask constructed in 
accordance with the principles of the present inven- 
tion comprises a thick membrane having transmis- 
sive or transparent areas defined by conically under- 
cut through holes and non-transmissive or opaque 
areas defined by a multilayer high reflective dielectric 
stack. The mask is fabricated from a suitable sub- 
strate material, such as crystalline silicon, heavily 
doped with a suitable dopant, boron, for example, to 
a depth of a few micrometers on selected areas of the 
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mask substrate surfaces. Utilizing well-known techni- 
ques, a thick membrane, approximately 40 urn thick, 
for example, having through holes with vertical side- 
walls representing the mask transparent areas is 
formed. Utilizing the characteristics of anisotropic s 
wet etching, the thick membrane is then etched from 
its back side to provide conically undercut profiles for 
the through hole walls representing the transparent 
areas of the mask, thus providing a relatively thick 
membrane of increased strength and mechanical rig- 10 
idity, yet having a thin optical plane in the immediate 
areas surrounding the through holes. In a final step, 
the front or top side of the mask is coated with alter- 
nating layers of dielectric materials having different 
indices of refraction. Each pair of dielectric layers will 15 
reflect a given amount of incident radiation; by depos- 
iting many pairs of layers, greater than 99% reflectiv- 
ity of incident radiation can be achieved. 

Mechanical stress to the substrate membrane in- 
duced by the dielectric stack is effectively compen- 20 
sated for by high tensile stress induced in the mem- 
brane by heavy doping. Additionally, the high tensBe 
stress Induced by the heavy doping provides *pseu- 
docooling" of the mask membrane, minimizing war- 
page and increasing the rigidity of the mask mem- 25 
brane even for significant temperature differentials, 
70°C, for example, between the mask membrane and 
the mask frame. Excessive differential mask temper- 
atures are minimized by the high reflectivity of the di- 
electric coating stack and the effective heat removal 30 
by the thick membrane surrounding the thin object 
plane areas. Thus, the disclosed conical undercut di- 
electric stencil mask of the present invention provides 
a thick membrane of sufficient strength and mechan- 
ical rigidity to minimize warpage and high vibrational 35 
amplitudes while at the same time providing the de- 
sired thin object plane for high quality imaging. 

Brief Description of the Drawings 

40 

Figs. 1a - 1c are diagrammatic cross-sectional 
views ilustrating various prior art mask struc- 
tures; 

Fig. 2 is a diagrammatic cross-sectional view of 
a portion of the thin membrane mask in accor- 4$ 
dance with the principles of the present inven- 
tion; 

Fig. 3 is a diagrammatic cross-sectional view of 
a portion of the thin membrane conical undercut 
mask in accordance with the principles of the 50 
present invention; 

Figs. 4a - 4h are diagrammatic cross-sectional 
views of a portion of the mask structure during 
fabrication in accordance with the preferred em- 
bodiment of the present invention; and 55 
Fig. 5 is a diagrammatic cross-sectional view of 
the mask shown in Fig. 2 utilized in a projection 
system. 



Detailed Description of Preferred Embodiments 

Referring now to Fig. 2, a portion of a thin mem- 
brane stencil mask 1 constructed in accordance with 
the principles of the present invention is shown. The 
mask 1, fabricated from a substrate of suitable mate- 
rial, preferably a crystalline wafer such as crystalline 
silicon, comprises a relatively thick substrate 2 having 
one or more tub-shaped recesses 6 formed in the bot- 
tom or back side thereof to provide relatively thin 
areas of the wafer forming thin membranes 3 having 
lateral dimensions corresponding to the relative size 
of the structure or circuit to be fabricated utilizing 
such a mask or series of masks 1. The remaining 
thicker portions 9 of substrate 2 defining the edges 
of the substrate or ribs separating the mask areas on 
the substrate form mask frame members to support 
the thin membrane 3. The desired mask pattern is de- 
fined by a series of apertures or holes 5 having vert- 
ical sidewalls and extending through the thin mem- 
brane 3. The top or front side of the mask Is coated 
with multiple layers 7 of pairs of dielectric materials to 
provide a highly reflective surface defining the opa- 
que areas 4 of the mask pattern. 

As described in greater detail below, in one pre- 
ferred embodiment, the mask 10 is fabricated from a 
crystalline silicon wafer utilizing well-known photoli- 
thographic etching techniques. In a first step, the top 
side of the silicon wafer 2 is doped with a suitable do- 
pant to a depth of 2-3 um forming a heavily-doped lay- 
er 8 which acts as an etch stop defining the thickness 
of the thin membrane 3 and inducing a high tensile 
stress in the thin membrane 3 to compensate for any 
mechanical stress induced by the dielectric coating 7. 
Recesses 6 are formed utilizing an anisotropic etch- 
ing technique to wet etch the backside of silicon wafer 
2. Wet etching of the silicon wafer is terminated at the 
boundary of the doped layer 8 to form thin membrane 
3 having a thickness of approximately 2-3 um. Utiliz- 
ing a silicon dioxide mask layer (not shown) with an 
anisotropic dry etch process, the silicon thin mem- 
brane 3 is etched from the front side to form apertures 
5 extending through the thin membrane into recess 6. 
In a final sequence, the front side of thin membrane 
3 is coated with multiple layers of pairs of dielectric 
materials to form a reflective coating having a thick- 
ness of 1-2 um covering the remaining surface area 
of the thin membrane 3 thus defining the opaque 
areas 4 of the desired mask pattern. 

The described membrane stencil mask provides 
a high resolution laser etch mask having a rigid object 
plane approximately 3-5 um thick. The highly reflec- 
tive dielectric coating minimizes absorption of inci- 
dent laser radiation by the thin membrane thus min- 
imizing heating of the thin membrane. However, in 
high power, high repetition rate environments, even 
t he small proportion of radiation incident on the mask 
surface transmitted by the dielectric coating is suffi- 
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cient to produce undesirable heating of the thin mem- 
brane. In addition, the silicon thin membrane exhibits 
a tendency to vibrate when exposed to high pulse rep- 
etition rates. 

As noted above, while a thin membrane stencil 5 
mask having a patterned dielectric mask provides ex- 
cellent thermal and mechanical characteristics suit- 
able for many applications, in high power, high repe- 
tition rate environments both thermal and mechanical 
properties deteriorate. In the alternative, a preferred 10 
mask suitable for use in high power, high repetition 
rate environments comprises a thick membrane 
wherein the desired mask pattern is defined by a plur- 
ality of apertures extending through the thick mem- 
brane and having conical undercut side walls provtd- 15 
ing the optical characteristics of a thin membrane in 
the mask areas immediately adjacent the apertures 
together with the thermal and mechanical of a thick 
membrane. 

Referring now to Fig. 3, a portion of a thick mem- 20 
brane conical undercut stencil mask 1 0 constructed in 
accordance with the principles of the present inven- 
tion is shown. The mask 10, fabricated from a sub- 
strate of suitable material, preferably a crystalline wa- 
fer such as crystalline silicon, comprises a relatively 25 
t hick substrate 1 1 having one or more tub-shaped re- 
cesses 1 6 formed in the bottom or back side thereof 
to provide relatively thin portions of silicon forming 
thick membranes 13 having lateral dimensions corre- 
sponding to the relative size of the structure or chip 30 
to be fabricated utilizing such a mask or series of 
masks 10. The thicker portions 15 of substrate 11 
form mask frame members to support the thick mem- 
brane portions 13. The thick membrane 13 has a 
thickness preferably of the order from 35-40 um, 35 
while the thickness of the thicker supporting mask 
frame 15 can be of the order from 200-1,000 um. A 
plurality of apertures 21 extending transversely 
through thick membrane 13 define the lateral geom- 
etry of the desired etch pattern to be produced utBtz- 40 
ing the mask 10. The apertures 21 are formed in thick 
membrane 13 having vertical sidewalls 22 extending 
a short distance through the thick membrane to inter- 
sect with conical sidewalls 23 extending the remain- 
ing distance through the thick membrane 1 3. Conical 45 
sidewalls 23 allow a thick membrane mask to be util- 
ized while providing a thin optical plane defined by 
vertical sidewalls 22. The top or front side of the mask 
1 0 is coated with multiple layers of dielectric materials 
to provide a highly reflective surface defining the so 
opaque areas 19 of the etch pattern. The dielectric 
coating 1 9 can provide greater than 99% reflection of 
incident radiation. The vertical stdewall 22, including 
the thickness of the dielectric coating 1 9, extends into 
thick membrane 13 a distance, preferably 3-4 um, 55 
within the depth of focus for the radiation wavelength 
in use. A highly doped layer 17 formed in the surface 
of the substrate 11 induces a high tensile stress in the 
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thick membrane 13 to provide pseudo-cooling and to 
compensate for any mechanical stress induced by the 
dielectric coating 1 9 and to act as an etch stop defin- 
ing vertical wall 22. While suitable for many types of 
operations, the thick membrane stenci mask of the 
present invention is preferably used in projection sys- 
tems for excimer laser ablation processes. 

Referring now to Figs. 4a-4g, a preferred method 
for fabricating the stencil mask according to the pres- 
ent invention will be described. Various steps utflized 
in the fabrication method of stenci mask 10 will not 
be described in extensive detaP as they are well 
known in the photolithographic masking art Alterna- 
tive methods readily adaptable for fabrication of the 
instant stencil mask are provided in detail from US Pa- 
tent No. 4,256,532, assigned to the instant assignee, 
and the aforereferenced US Patent No. 4,417,946. 

As shown in Fig. 4a, an initial silicon wafer 31 cut 
in the (100) crystallographic plane having a thickness 
of 200-1 ,000 um is heavily boron doped to a depth of 
approximately 1-3 um at both the front arid back sides 
37, 39, respectively. The boron doping is by well- 
known methods, such as blanket boron capsule dif- 
fusion, to provide a doping level of, for example, 
1X10 20 atoms per cm 3 at the interface 35. The wafer 
front and back sides 37 and 39, respectively, typically 
are highly polished. 

Next, shown in Fig. 4b, a layer of silicon dioxide 
41, approximately 2 um in thickness is formed over 
both the front and back sides, 37, 39, respectively, of 
the silicon wafer 31. The silicon dioxide layer 41 is 
preferably deposited by a non-thermal growth tech- 
nique such as conventional sputter deposition or 
chemical vapor deposition to minimize distortion and 
stress induced in the silicon wafer 31. Next, the layer 
of silicon dioxide coating the backside 39 of the wafer 
is coated with photoresist Utilizing conventional pho- 
tolithographic etching techniques, the photoresist 
layer 43 is developed and wet etch of the silicon di- 
oxide layer 41 utilizing a single-side etch tool is ac- 
complished to form a mask on the back side 39 of the 
substrate 31. Apertures in the silicon dioxide mask 
thus formed serve to define the pattern of tub-shap- 
ed recesses 16, which are to be formed in the back 
side of the substrate 31. 

Recesses 16 are formed in substrate 31 utilizing 
an anisotropic etching technique to wet etch the back 
side of the silicon wafer. Wet etching of the silicon wa- 
fer is terminated at for example, approximately 40 um 
from the front surface 39 of the silicon wafer to form 
the thick membrane 13 and mask frame sections 15. 
The anisotropic etching minimizes undesirable lateral 
etching of the silicon while the recesses 16 are 
formed. 

As shown in Figs. 4c and 4d, the silicon dioxide 
layer 41 over the front side 37 of the silicon wafer is 
coated with a photoresist layer 45. In a similar man- 
ner, as described above, the photoresist layer 45 is 
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developed and the silicon dioxide layer 41 is wet etch- 
ed in a single-side etch tool to form a mask in silicon 
dioxide layer 41. The apertures 47 in the silicon diox- 
ide mask serve to define the desired mask pattern to 
be formed in thick membrane 1 3. Utilizing anisotropic s 
dry etch techniques, such as reactive ion etching 
(RIE), the silicon is etched from the front side 37 to 
form apertures 49 extending through thick mem- 
brane 13 into recess 16 at the pattern areas 47. The 
RIE dry etch process results in through-holes 49 hav- 10 
ing vertical sidewall profiles. 

As shown in Figs. 4e, 4f and 4g, anisotropic wet 
etch techniques are then utilized to form a conically 
undercut sidewall profile for through-holes 49. The 
anisotropic characteristics of crystalline s 3 icon pro- 15 
vide etch rates (ER) normal to the various indicated 
crystalline planes, for example, in 1 0-molar KOH sol- 
ution at 62°C, of 

ER(110) = 2xER(100) = 120x ER(111) 
wit h ER(1 1 0) being approximately 0.6 um per minute. 20 
When immersed in the etch solution, the vertical wait 
52 (as shown in Fig. 4d), the (11 0) plane, wDI etch fast- 
est whereas the thick membrane back plane 51, the 
(100) plane, will etch only half as fast, thus preventing 
substantial additional thinning of the thick membrane 25 
13. The etch rates of the (110) and (100) planes, in 
combination with the essentially zero etch rate of the 
(111) plane, provide for the formation of the desired 
conical sidewall 55 parallel to the (111) plane. Wet 
etching from the silicon wafer front surface 37 is pre- so 
vented by the silicon dioxide layer 41 . Since the heav- 
ily doped silicon is not etched by the wet etch solution, 
the through-hole 49 retains a vertical lip 53 at the 
front surface 37 of the thick membrane, thus preserv- 
ing the desired mask pattern as defined during the \\- 35 
thographic and RIE process steps described hereina- 
bove. The heavily doped front surface 37 represents 
the mask object plane and has a thickness approxi- 
mately equal to the depth of the boron doping in the 
silicon substrate. 40 

The lateral underetch or undercut resulting from 
the very slow etching of the diagonal or (111) plane 
results in a relatively small undercut distance 57 to 
provide a thin object plane and the desired conical un- 
dercut etch profae for each through-hole 49. As 45 
shown in Fig. 4g, the anisotropic wet etch process 
produces an underetch pattern determined by the ori- 
entation of the (111) planes. In particular, for crystal- 
line silicon a generally rectangular underetch pattern 
results about the mask apertures, including circular so 
apertures. In this example, the undercut 57 is approx- 
imately 0.4 um. For mask pattern structures having a 
horizontal distance L between adjacent through- 
holes 49, where L < 2 x D x TAN(0), where D is the 
thickness of thick membrane 13 and 0 is the angle 55 
of conical sidewall 55 from the vertical, the thickness 
of the membrane separating adjacent through-holes 
will be less than D. Such local variations in membrane 



thickness typically do not impose a problem since 
their relative area is extremely small. The silicon sub- 
strate 13 will etch such that the conical wall 55 will 
form an angle 0 of-35.26 0 with the vertical when the 
silicon has a (100) crystallographic orientation. 

In a final sequence, as shown in Fig. 4h, the back 
side 51 of the thick membrane 13 including the con- 
ical walls 55 are boron doped to the same concentra- 
tion as the front surface 37 to provide symmetric dop- 
ing on both the front and back sides of the thick mem- 
brane 13. The silicon dioxide layers 41 are then strip- 
ped from the front and back sides 37, 39 in a conven- 
tional manner and the front side 37 of the thick mem- 
brane 13 is coated with a dielectric stack 61 to form 
a reflective coating covering the surface area of the 
thick membrane 13 thus defining the opaque areas 
of the mask pattern. 

The dielectric stack 61 is a highly reflective, abra- 
sion-resistant dielectric coating formed of adjacent 
layers of materials having different indices of refrac- 
tion. If the index of refraction of a quarter wavelength 
of film Is higher than that of the underlying layer, a 
substantial amount of light incident on these layers 
will be reflected. Thus, each pair of dielectric layers 
will reflect a given amount of incident radiation. Thus, 
by depositing many layers, a desired reflectivity may 
be obtained. The number of layers deposited is de- 
pendent on the intended usage. For example, a di- 
electric stack of alternating layers of silicon dioxide 
and hafnium oxide of approximately 20 layers having 
a total thickness on the order of 2 um provides greater 
than 99% reflectivity of incident radiation at a wave- 
length of 248 nm. High index materials may be hafni- 
um oxide, scandium oxide, aluminum oxide or thalli- 
um fluoride. Low index materials may be silicon diox- 
ide, and magnesium fluoride. These materials are cit- 
ed as examples and the lists are not intended to be 
exhaustive. 

Referring now to Fig. 5, a conically undercut sten- 
cil mask 63, as described above, is shown utilized in 
a projection system for direct etching of the surface 
of a substrate 65. Incident radiation 69 is able to pass 
through aperture 71 to lens system 67 and is thereby 
imaged on the surface of the substrate 65 in the de- 
sired pattern defined by the apertures 71. Radiation 
69 incident on the mask opaque areas 73 is reflected 
by the dielectric stack coating to minimize energy ab- 
sorption and consequent heating of the thick mem- 
brane 75. The undercut etch profile of aperture 71 ef- 
fectively provides a thin object plane in the vicinity of 
aperture 71 while the angled, conical sidewalls 77 
minimize scattering of radiation transmitted through 
aperture 71. 

Dielectric coated masks are capable of with- 
standing incident energy densities of the order of 
6J/cm2 thus providing ideal masks for laser projection 
purposes. In such a laser projection system, the mask 
of the present invention may provide structures hav- 
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ing dimensions as small as 1 urn or less. For example, 
in a five-to-one reduction projection system, an aper- 
ture 71 of 5 urn at its greatest dimension produces a 
structure in the surface of substrate 65 of 1 um at its 
greatest dimension. Being durable and largely imper- 
vious to chemical damage, dielectric coated masks 
can be utilized for other applications such as depos- 
ition and etching induced by laser irradiation. Fur- 
thermore, the composition and arrangement of the 
dielectric layers may be chosen to provide a desired 
level of reflectivity and chemical stability for the in- 
tended purposes. 

Although the present invention has been descri- 
bed in its preferred form with a certain degree of par- 
ticularity, it is understood that the present disclosure 
of the preferred embodiments has been byway of ex- 
ample and that the teachings of the invention are not 
limited to the particular materials or processing steps 
described, but that numerous changes in the details 
of construction and the combination and arrange- 
ments of elements may be resorted to without depart- 
ing from the spirit and scope of the invention as here- 
inafter claimed. 



Claims 

1. A mask for use with high energy radiation sources 
comprising: 

a substrate; 

at least one dielectric layer formed on a 
first surface of said substrate to produce a 
layered structure having a thickness of a first di- 
mension; and 

at least one aperture in said layered struc- 
ture, said aperture extending through said sub- 
strate, said aperture having a generally conically 
undercut edge profile with substantially vertical 
sidewalls of a second dimension adjacent to said 
first surface, said second dimension being sub- 
stantially less than said first dimension for provid- 
ing a thin object plane for said mask. 

2. A mask as in claim 1 wherein said vertical side- 
walls extend through said dielectric layer and 
said first surface to a first predetermined depth 
in said substrate. 

3. A mask as in claim 2 wherein said substrate in- 
cludes a doped layer at said first surface, said 
doped layer having a higher concentration of do- 
pant impurities to said first predetermined depth 
in said substrate than the substrate beneath said 
doped layer. 

4. A mask as in claim 3 wherein said second dimen- 
sion is in the range of approximately between 3 
and 4 micrometers. 
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5. A mask as in claim 1 having at least one tub-shap- 
ed recess formed in a second side of said sub- 
strate opposite said first surface for forming a 
membrane of said substrate material in the area 

5 of said recess, a plurality of said apertures form- 

ing a desired pattern extending through said 
membrane into said recess, each said aperture 
having said generally conically undercut edge 
profile, said membrane having a predetermined 

10 thickness, said second dimension being substan- 
tially less than said predetermined thickness. 

6. A mask as in claim 5 wherein said substrate in- 
cludes a doped layer at said first surface, said 

is doped layer having a higher concentration of do- 

pant impurities than the substrate beneath said 
doped layer, said dielectric layer overlying said 
doped layer. 

20 7. A mask as in claim 6 wherein each said aperture 
conically undercut edge profile comprises said 
vertical side walls of said second d mens ton ex- 
tending through said dielectric layer and said 
doped layer, said doped layer being undercut a 

25 predetermined amount forming a thin lip for said 

aperture at said first surface and generally out- 
wardly sloping sidewalls extending from said un- 
dercut doped layer to said recess. 

30 8. A mask as in claim 7 wherein said predetermined 
thickness of said membrane is in the range of ap- 
proximately between 35 and 40 micrometers and 
said second dimension is in the range of approx- 
imately between 3 and 4 micrometers. 

35 

9. A mask as in claim 7 wherein said substrate ma- 
terial comprises a crystalline silicon wafer having 
a (100) crystal lographic orientation. 

40 10. A mask as in claim 9 wherein the plane of said 
sloping sidewalls parallels the (111) crystallo- 
graphic plane of said silicon substrate. 

1 1 . A mask as in claim 9 wherein said dopant impurity 
45 comprises boron. 

12. A mask as in daim 1 wherein said substrate com- 
prises a crystalline semiconductor wafer. 

so 13. A mask as in claim 1 wherein said dielectric layer 
comprises a pair of dielectric materials, said layer 
comprising a coating of a first material and a coat- 
ing of a second material overlying said first ma- 
terial, the index of refraction of said second ma- 
ss terial being higher than the index of retraction of 
said first material. 

14. A mask as in claim 1 3 wherein said dielectric layer 
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comprises a plurality of pairs of said dielectric ma- 
terials. 

15. A mask as in claim 13 wherein said first material 
is selected from the group consisting of silicon di- 
oxide and magnesium fluoride, and said second 
material is selected from the group consisting of 
hafnium oxide, scandium oxide, aluminum oxide 
and thallium fluoride. 

16. A method for fabricating a mask for use with high 
energy radiation sources comprising the steps of: 

forming at a first surface of a planar sub- 
strate a doped layer, said doped layer having a 
higher concentration of dopant impurities to a first 
predetermined depth than the substrate beneath 
said doped layer; 

forming a first masking layer on said first 
surface and a second masking layer on a second 
surface opposite said first surface of said sub- 
strate, said first masking layer defining a desired 
mask pattern; 

forming at least one aperture through said 
second masking layer exposing selected por- 
tions of said second surface and etching said se- 
lected portions to form at least one recess in said 
substrate to a second predetermined depth, the 
substrate material remaining between said re- 
cess and said first surface forming a membrane; 

etching said membrane through said first 
masking layer to form a plurality of apertures in 
said desired mask pattern, said apertures ex- 
tending through said membrane into said recess; 

anisotropic etching said membrane under- 
cutting said heavily doped layer and forming out- 
wardly sloping aperture sidewalls extending from 
Y said undercut layer to said recess defining a gen- 
erally conical undercut edge profile for said aper- 
tures through said membrane; 

removing said first and second masking 
layers; and 

applying at least one dielectric layer to said 
first surface. 

17. The method of claim 16 wherein the step of form- 
ing a doped layer at said first surface includes the 
step of forming a doped layer at said second sur- 
face of said substrate. 

18. The method of claim 16 wherein said substrate 
comprises crystalline silicon. 

19. The method of daim 18 wherein said dopant ma- 
terial comprises boron. 

20. The method of claim 17 including the additional 
step of forming a doped layer on the surfaces de- 
fining said recess at the completion of said ani- 



sotropic etching step. 

21. The method of claim 16 wherein each said mask- 
ing layer comprises a layer of silicon dioxide. 

5 

2Z The method of claim 21 wherein said step of 
forming each masking layer of silicon dioxide 
comprises depositing a layer of silicon dioxide by 
chemical vapor deposition. 

10 

23. The method of claim 1 8 wherein the step of etch- 
ing said membrane through said first masking 
layer comprises anisotropic reactive ion etching 
to form said plurality of apertures, said apertures 

is having vertical side walls. 

24. The method of claim 18 wherein the step of ani- 
sotropic etching of said membrane comprises 
anisotropic wet etching in an alkaline solution. 

20 

25. The method of claim 24 wherein said alkaline sol- 
ution comprises a 10-molar solution of potassium 
hydroxide. 

25 26. The method of claim 24 wherein the plane of said 
sloping aperture sidewalls is parallel to the (111) 
crystal log raphic plane of said silicon substrate. 

27. A method as in claim 16 wherein said dielectric 
30 layer comprises a pair of dielectric materials, said 

layer comprising a coating of a first material and 
a coating of a second material overlying said first 
material, the index of refraction of said second 
material being higher than the index of refraction 
35 of said first material. 

28. A method as in claim 27 wherein said dielectric 
layer comprises a plurality of layers of said pairs 
of dielectric materials. 

40 

29. A method as in claim 27 wherein said first mate- 
rial is selected from the group consisting of silicon 
dioxide and magnesium fluoride, and said sec- 
ond material is selected from the group consist- 

45 ing of hafnium oxide, scandium oxide, aluminum 

oxide and thallium fluoride. 

30. A method of laser processing a target substrate 
comprising the steps of: 

50 generating a high energy radiation beam; 

locating a transmission mask defining a 
desired processing pattern in front of said target 
substrate, said high energy radiation beam inci- 
dent on said transmission mask, said mask com- 
55 prising: 

a substrate; 

at least one dielectric layer formed on a 
first surface of said substrate to produce a 
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layered structure having a thickness of a first di- 
mension, said high energy radiation beam inci- 
dent on said dielectric layer; ami 

at least one aperture in said layered struc- 
ture, said aperture extending through said sub- s 
strate and said dielectric layer, said aperture hav- 
ing a generally conically undercut edge profSe 
with substantially vertical sidewalls of a second 
dimension adjacent to said first surface said sec- 
ond dimension being substantially less than said to 
first dimension; and 

imaging the radiation transmitted through 
said mask exiting said undercut aperture onto 
said target substrate. 

15 

31. A mask for use in laser processing of target ma- 
terials comprising: 

a substrate; 

at least one dielectric layer formed on a top 
surface of said substrate to produce a layered 20 
structure having a predetermined thickness, and 

at least one aperture in said layered struc- 
ture, said aperture extending through said 
layered structure. 

25 

32. A mask as in claim 31 having at least one tub- 
shaped recess for med in a bottom surface of said 
substrate opposite said top surface for forming a 
membrane of said layered structure in the area of 
said recess, said membrane being of said prede- 30 
termined thickness, a plurality of said apertures 
defining a desired pattern extending through said 
membrane into said recess, each said aperture 
having generally vertical sidewalls. 

35 

33. A mask as in claim 32 wherein said substrate in- 
cludes a doped layer at said top surface, said 
doped layer having a higher concentration of do- 
pant impurities than the substrate beneath said 
doped layer, said dielectric layer overlying said 40 
doped layer. 
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comprises a plurality of pairs of said dielectric ma- 
terials. 



34. A mask as in claim 33 wherein said membrane in- 
cludes said doped layer. 

45 

35. A mask as in claim 34 wherein said membrane 
has a thickness in the range of approximately be- 
tween 3 and 4 micrometers. 

36. Amaskas in claim 31 wherein said dielectric layer so 
comprises a pair of dielectric materials, said layer 
comprising a coating of a first material and a coat- 
ing of a second material overlying said first ma- 
terial, the index of refraction of said second ma- 
terial being higher than the index of refraction of 55 
said first material. 



37. Amaskas in claim 36 wherein said dielectric layer 
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